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Abstract In this work we consider the changes of the SZ cluster brightness, flux and number counts induced by 
the motion of the Solar System with respect to the frame defined by the cosmic microwave background (CMB). 
These changes are connected with the Doppler effect and aberration and exhibit a strong spectral and spatial 
dependence. The correction to the SZ cluster brightness and flux has an amplitude and spectral dependence, 
which is similar to the first order cluster peculiar velocity correction to the thermal SZ effect. Due to the change 
in the received cluster CMB flux the motion of the Solar System induces a dipolar asymmetry in the observed 
number of clusters above a given flux level. Similar effects were discussed for 7-ray bursts and radio galaxies, but 
here, due to the very peculiar frequency-dependence of the thermal SZ effect, the number of observed clusters in 
one direction of the sky can be both, decreased or increased depending on the frequency band. A detection of this 
asymmetry should be possible using future full sky CMB experiments with mjy sensitivities. 
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1. Introduction 



Due to the thermal SZ effect l|Sunvaev fc Zeldoviclill972l 
Il980a|) clusters of galaxies (after our own Galaxy) are 
one the most important and brightest foreground sources 
for CMB experiments devoted to studying the primordial 
temperature anisotropies. Given the strong and very pe- 
culiar frequency-dependence of the SZ signature (the flux 
changes sign ai v ^ 217 GHz) it is possible to extract 
these sources and thereby open the way for deeper in- 
vestigations of the primordial temperature anisotropies, 
which for I > 3000 are weaker than the fluctuations due to 
clusters of galaxies. Within the next 5 years several CMB 
experiments like Planck, Spt, Act, Quiet, Apex and 
Ami will perform deep searches for clusters with sensitiv- 
ity limits at the level of 1 — 10 mJy and in the future CMB 
missions such as Cmbpol should reach sensitivities 20-100 
times better than those of Planck by using even cur- 
rently existing technology l)ChurchL l2002j) . Many tens of 
thousands of clusters will be detected allowing to carry out 
detailed studies of cluster physics and to place constraints 
on parameters of the Universe like the Hubble parameter, 
the baryonic m atter, dark matter and dark energy conten t 
(for review see iBirkinshawl Il999t ICarlstrom et all l2002l) . 

Under this perspective several g roups have derived rel- 
ativis tic corrections to the thermal dSunyae v fc ZeldovichL 
Il972() and kinetic SZ l)Sunvaev fc Zeldovichl Il980bll 
effect as series expansions in the dimension- 



less electron temperature, kTc/mcC^ , and the 

cluste r s peculiar velocity, 0^ = VrJc llRephaeli , 

199,'Tt IChallinor fc Lasenbvl Il998t lit oh et all ll99F : 



Nozawa et al.lll998HSazonov fc Sunvaevll 19981) 



Send offprint requests to: J. Chluba, 
e-mail: j chlubaOmpa-gar ching . mpg . de 



Motivated by the rapid developments in CMB technol- 
ogy the purpose of this paper is to take into account the 
changes in the SZ signal, which are induced by the mo- 
tion of the Solar System relative to the CMB rest frame. 
Assuming that the observed CMB dipole is fully motion- 
induced it implies that the Solar System is moving with 
a velocity of /3o = Vo/c = 1.241 • 10"'^ towa rds the direc- 
tion (Z &) = (264.14°±0.1 5°,48.26°±0.15°) llSmoot et all 
Il977t iFixsen et allll99fi|) . As will be shown here, in the 
lowest order of Po the motion-induced correction to the 
thermal SZ effect (th-SZ) exhibits an amplitude and spec- 
tral dependence, which is similar to the first order (3c cor- 
rection to the th-SZ, i.e. the SZ signal oc t j3ckTc/mcC^ , 
with Thomson optical depth t, whereas the observers 
frame transformation of the kinetic SZ effect (k-SZ) leads 
to a much smaller y-type spectral distortion with effective 
y-parameter oc t f3cPo- 

Future CMB experiments like Planck, Spt and Act 
will not resolve the central regions for most of the de- 
tected clusters. Therefore here we are not only discussing 
the change in the brightness of the CMB in the direction of 
a cluster but also the corrections to the flux as measured 
for unresolved clusters due to both the motion-induced 
change of surface brightness and the apparent change of 
their angular dimension. All these changes are connected 
with the Doppler effect and aberration, which also influ- 
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en ce the primordial temperature flu ctuations as discussed 
bv lChallinor fc van LeeuwenI l)2002|) . 

Another important consequence of the motion of the 
Solar System with respect to the CMB rest frame is 
the dipole anisotropy induced in the deep number counts 
of sources. This effect was discussed earlie r in connec- 
tion with the dist ribution of 7-ray bursts l(Mao^ Il994t 
IScharf et all 119951) - identical to the Compton-Getting ef- 
fect (jCompton &: Gett ing. 19 35|) for cosmic rays - and ra- 
dio and IR sources iIeUIs fc BaIdwinLll984tlBaleisis et all 
ll998HBlake fc Walil2002|) . The motion-induced change in 
the source number counts strongly depends on the slope 
of log A^'-log F cu r ve ari d the spectral index of the source 
l ElHs fc BaldwinL Il984l) . which makes it possible to dis- 
tinguish the signals arising from different astrophysical 
populations. Here we show that a similar effect arises for 
the number counts of SZ clusters. Due to the very pe- 
culiar frequency-dependence of the th-SZ, the number of 
observed clusters in one direction of the sky can be both, 
decreased or increased depending on the frequency band. 

2. General transformation laws 

A photon of frequency ly propagating along the direction 
n = {(p, 9) in the CMB rest frame S due to Doppler boost- 
ing and aberration is received at a frequency v' in the 
direction n' — (0, 9') by an observer which is moving with 
the velocity (3o — v^j c along the z-axis: 



At 



m'-/3o 
1 - /3o /i' 



(1) 



Here 7=1/ i/l — is the Lorentz factor, [i — cos 9 and 
all the primed quantities^ denote the corresponding vari- 
ables in the observers frame S'. It was also assumed that 
the z'-axis is aligned with the direction of the motion. For 
a given spatial and spectral distribution of photons in S, 
in lowest order of Po the Doppler effect leads to spectral 
distortions, whereas due to aberration the signal on the 
sky is only redistributed. 

Transformation of the spectral intensity 

The transformation of the spectral intensity (or equiva- 
lently the surface brightness) I{iy,n) at frequency v and 
in the direction n on the sky into the frame S' can be per- 
formed using the invariance properties of the occupation 
number, n{v,n) — I{v,n)/v^: 



■ /(i/, n) . 



(2) 



Here I'{v',n') is the spectral intensity at frequency ly' in 
the direction n' as given in the rest frame of the observer. 
In lowest order of /3o it is possible to separate the effects 
of Doppler boosting and aberration: 

,n') ^ ,n') + Aluiiy' ,n') + AlAiiy' ,n') . (3a) 



^ In the following prime denotes that the corresponding 
quantity is given in the rest frame of the moving observer. 



with the Doppler and aberration correction 

A/{)(j.',n') ~/3oM'[3-t^U']/(i^',n') (3b) 



A4(i.', n') « /3o ^/l^de'Hiy', n') 



(3c) 



Equation \?>h\ only includes the effects due to Doppler 
boosting, whereas iPcll arises solely due to aberration. 

With Q it becomes clear that in first order of j3o any 
maximum or minimum of the intensity distribution on the 
sky will suffer only from Doppler boosting. This implies 
that due to aberration the positions of the central regions 
of clusters of galaxies will only be redistributed on the 
sky: in the direction of the motion clusters will appear 
to be closer to each other while in the opposite direction 
their angular separation will seem to be bigger. Another 
consequence of the observers motion is that a cluster with 
angular extension A ^ 1 in 5, will appear to have a size 
A' = A[l — /3o,||] in the observers frame S' . Therefore 
in S" a clusters will look smaller by a factor of 1 — 
in the direction of the motion and bigger by 1 -I- /?o in 
the opposite direction. This implies that in the direction 
of the observers motion cluster profiles will seem to be a 
little steeper and more concentrated. 

Transformation of the measured flux 

The spectral flux F{i', Uq) from a solid angle area A in 
the direction no on the sky in S is given by the integral 
F{i', no) — n) dfl, where we defined ^0 — n riQ. 

If one assumes that the angular dimension of A is small, 
then using Q in the observers frame S' the change of the 
flux due to Doppler boosting and aberration is given by 



A^^/,(z.',n[,) [3~iy'd^,]F{iy',n'o) 



(4a) 



AFX(zy',nJ,) / 9'^dgJ{iy\n')d9'dcP' . (4b) 

J A 

Assuming that the area A contains an unresolved object, 
which contributes most of the total flux and vanishes on 
the boundaries of the region, then the term arising due to 
aberration only can be rewritten as 



AF^{iy',n'o) = -2p,^\\F{iy\n'o). 



(5) 



This can be simply understood considering that in the di- 
rection of the motion the solid angle covered by an object 
is smaller by a factor [1 — /3o,||]^ ~ 1 — 2 /3o,||- In this case 
the total change in the spectral flux F'{v\ nj,) is 



AF _ F'{iy',n'o) 



F{u\n'o) 



F{v',n'^) 



dlnF 



dim 



(6) 



Integrating the flux i^'(:^',no) over frequency ly' it is 
straightforward to obtain the change of the total bolo- 
metric flux -Fboi("'o) = / -^'(^^'j ''^0) d^^' in the observers 
frame S': 



AFboi _ FlJn',) - F^oiin',) 



F 



bol 



-Fboi(no) 



(7) 



This results can also be easily understood considering 
the transformation law for the total bolometric intensity 
hoi = J I{iy)diy, i.e. /^Qi = /boi/[7(l - PofJ'')]^, and the 
transformation of the sohd angle dil' — [7(1 — /^oA^')]^ dfi. 
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V [GHz] V [GHz] 

Figure 1. Frequency-dependence of the SZ brightness due the non-relativistic th- and k-SZ and the corresponding 
corrections induced by the motion of the Solar System relative to the CMB rest frame for a cluster with electron 
temperature fcTc = 5.1 keV, which is moving with /3c = 10"'^ towards the observer and is located at the maximum of 
the CMB dipole, i.e. — 1.241 • 10^^. In addition the first order (3c correction to the th-SZ (dash-dotted line in the 
left panel) is shown. Note that for convenience all the velocity corrections are multiplied by some factor as given in 
the labels. 



Transformation of the number counts 

Defining {F, n) as the number of objects per solid angle 
ATI above a given flux F at some fixed frequency v and 
in some direction n on the sky in the CMB rest frame S, 
then the corresponding quantity in the observers frame S' 
is given by 



cUV' 
dfi 



dN dO 

dfy(^'"W 



(8) 



where F and n are functions of F' and n'. Now, assuming 
isotropy in 5*, in first order of /3o,|| one may write 



3. Transformation of the cluster signal 

For an observer at rest in the frame S defined by the 
CMB the change of the surface brightness in the direction 
n towards a cluster of galaxies is given by the sum of the 
signals due to the th-SZ, /th(i^, n) and the k-SZ, I]^{v, n): 



(10) 



In the non-relativistic case these contributions are given 
bv fseelZeldovich fc Sunvaevlll969llSunvaev fc ZeldovichL 
llQSnalbl) : 



dN' 

dn 



dN 

dn 



(F') 



l + 2/3o,| 



AF dln^jF') 
F ainF' 



(9) 



X e 
- 1 

X e 



1 



1 



e^' - 1 



(11a) 
(lib) 



with AF = F' — F. For unresolved objects AF/F is given 
by equation 0. Here we made use of the transformation 
law for the solid angles and performed a series expansion 
of ^(F) around F'. 



If one assumes -^(F) cx F^'^ and F(i/) cx z^^", it 
is straightforward to show that for unresolved sources 
d^(F',n') « ^{F') [l + /3n||(2 + A[l + a]j]^s re- 
suit was obtained earlier by lEllis fc Baldwin! l|l984|) for 
the change of the radio source number counts due to the 
motion of the observer. Dependent on the sign of the quan- 
tity S = 2 + A[l -I- a] there is an increase or decrease in 
the number counts in one given direction. However, in the 
case of clusters a is a strong function of frequency, which 
makes the situation more complicated. 



where Ia{v) = ^ denotes the CMB monopole in- 
tensity with temperature To, y — J !^^°2 «c ct d/ is the 
Compton j;-parameter, with the electron number density 
no, and we introduced the abbreviation x = hv/kT^. Here 
we are only interested in the correction to the intensity in 
the central region of the cluster, where the spatial deriva- 
tive of y is small and the effects of aberration may be 
neglected. Using equations l|3bp and (|ll|l one may find 



AI{,,,^{v\ n') = yloW) ^— Cth(x') • fi, i>! (12a) 

— 1 

A/{3,k(^', "') = r/3e,|| h(v') -^—^ Ck(x') • /3o A^' (12b) 
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for motion- induced change of the cluster brightness. Here 
the functions Cth(a;) and Ck(x) are defined by 



Ck(i) = X -I 



(13a) 
(13b) 



and the notations X — x coth(|), S = x/ sinh(|) were 
introduced. 

In Fig.^the spectral dependence of A/^ and A/^ 
is illustrated. The transformation of the th-SZ leads to 
a spectral distortion which is very similar to the first 
order /3c correction to the th-SZ. In the Rayleigh- Jeans 
limit Cth(i) — > -"2 and therefore is 5 times bigger than 
the /3c correction to the th-SZ. The maximum/minimum 
of AJp is at a; = 7.97 / 3.31 and A/^ ^.j^ vanishes at 
X = 5.10 {x — I corresponds to v = 56.8 GHz). On 
the other hand the transformation of the k-SZ leads to 
a y-type spectral distortion with the corresponding y- 
parameter j/kin = ''"/3c,|| /3o A*' ~ 10~^/i'. The maximum 



of A/p is at X 



5.10. Fig. n clearly shows, that the 
motion-induced correction to the th-SZ easily reaches the 
level of a few percent in comparison to the k-SZ (e.g. at 
u = 400 GHz it contributes ~ 14% to the k-SZ signal for 
a cluster with kTc — 5.1 keV and /3c — 10^^). 

In order to obtain the motion-induced change of the 
flux for unresolved clusters one has to integrate the surface 
brightness over the surface of the cluster. In the following 
we neglect the k-SZ, since its contribution only becomes 
important close to the crossover frequency. Then it follows 
that AF{i',n) oc AI{i',n), implying that d\nF/ dlnv' — 
dlnl/dlnx'. Comparing equations (|3b|) and (|12|l one can 
define the effective spectral index of the SZ signal by 



a 



din Fix') Cth(x') 



dlnr 



Yo{x') 



3, 



(14) 



with Yo{x) = A" — 4. Using equation H14|l one can write the 
central brightness, flux and number count for unresolved 
clusters as 

/'sz(i.', n') = Isziiy', n') [1 + /3o ^^'(3 + a)] (15a) 
AF'sz{i^',n') = AFsziiy', n') [1 + /3o a*'(1 + a)] (15b) 



dn' 



dn 



(15c) 



have to be treated especially if noise and foregrounds are 
involved. Therefore it is important to make use of the 
special properties of each contribution to the total signal, 
such as their spectral features and spatial dependencies. 

One obstacle for any multi-frequency observation of 
cluster is the cross-calibration of different frequency chan- 
nels. Some method t o solv e this problem was discussed in 
IChluba fc Sunvaevl l)2004j) using the spectral distortions 
induced by the superposition of blackbodies with differ- 
ent temperatures. In the following we assume that the 
achieved level of cross-calibration is sufficient. 

The largest CMB signal in the direction of a cluster 
(after elimination of the CMB dipole) is due to the th-SZ. 
In order to handle this signal one can make use of the 
zeros of the spectral functions describing the relativistic 
corrections. In addition, future X-ray spectroscopy will al- 
low us to accurately determine the mean temperature of 
the electrons inside clusters. This additional information 
will place useful constraints on the parameters describing 
the th-SZ and therefore may bring us down to the effects 
connected with the peculiar velocities of the cluster and 
the observer. 

The temperature difference connected with the non- 
relativistic k-SZ is frequency-independent and therefore 
may be eliminated by multi- frequency observations. As 
mentioned above (see Fig. ^ the motion-induced spectral 
distortion to the th-SZ has an amplitude and spectral de- 
pendence, which is very similar to the effect connected 
with the first order /3c correction to the th-SZ. For many 
clusters on the other hand one can expect that the sig- 
nals proportional to (3c,\\ average out. This implies that 
for large cluster samples 10"^ — 10^) only the signals 
connected with the th-SZ are important. 

4.1. Dipolar asymmetry in the number of observed 
clusters 

Integrating H15c|l over solid angle leads to the observed 
number of clusters in a given region of the sky. If one 
assumes that the observed region is circular with radius 
9'^ centered in the direction = (</'o'^o) ^^^^^ the total 
observed number of clusters is given by 



7V^z(F') = NszMF') 



1 



(16) 



dSl ' 

ainF' 



with j: = 2 + X{l + a) and A 

the change of the central brightness and the flux for an 
unresolved cluster. It is obvious that only in the RJ region 
of the CMB spectrum the SZ brightness and flux follow 
a power-law. The change of the number counts will be 
discussed below (see Sect. l4.1|l . 



4. Multi-frequency observations of clusters 

The observed CMB signal in the direction of a cluster con- 
sists of the sum of all the contributions mentioned above, 
including the relativistic correction to the SZ effect. Given 
a sufficient frequency coverage and spectral sensitivity one 
may in principle model the full signal for even one sin- 
gle cluster, but obviously there will be degeneracies which 



Fig.Hshows where iVsz,eff(i^') = 47r 



dWsZ 1-Mr 



is the effective number 



dSl 2 

of clusters inside the observed patch with fluxes above 
F' , ii[ — cos 6*^ and /Iq = cos^q. For two equally sized 
patches in separate directions on the sky the difference in 
the number of observed clusters will then be 



AAr' = /3o^sz,cffAAi;, 



1 



Mr 



(17) 



with A/iQ = /^o 1 ~ /^o 2: where /Xq ^ — cosO'q ^ for patch i. 
Centering the flrst patch on the maximum and the second 
on the minimum of the CMB dipole leads to the maxi- 
mal change in the number of observed clusters at a given 
frequency (A/ig =2). To estimate the significance of this 
difference we compare AA^' to the Poissonian noise in the 
number of clusters for both patches, which is given by 
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V [GHz] V [GHz] 

Figure 2. Motion-induced change of the CMB spectral brightness A/ and flux AF for a cluster of galaxies resting with 
respect to the CMB. Left panel: Absolute change of the cluster brightness (solid line) with Xq = 2.70 x 10^^ y mJy/sr 
and the flux for an unresolved cluster (dashed line) with Xq ~ 7.17 (y/lO^^ r^)^j (rc/30")^ mJy, where rc is the 
core radius and where {u)^^ = J^^udfl/An denotes the cluster average of the quantity u. Right panel: Relative 
change of the brightness (solid line) and flux for an unresolved cluster (dashed line). Here AI/I = fS^ 1^' (3 + a) and 
AF/F = /3o// (1 + a) (cf. Equ. 



y/2 Nsz,eS- To obtain a certain signal 
to noise level q the inequality 



/3o|I]|Amo [1 + m;.]v/W4> 



dNsz 



(18) 



as the 



has to be fulfilled. We defined iVsz,f = 47r 
number of clusters on the whole sky above a given flux 
level F'. Here two effects are competing: the smaller the 
radius of each patch, the smaller the number of observed 
clusters above a given flux but the larger the effective 
{Po^w)- The optimal radius is ^ 70° but for a given 
q and sensitivity the size in principle can be smaller. 



4.2. Numerical estimates for the dipolar asymmetry in 
the cluster number counts 

In this section we present results for th e SZ cluster number 
count s using a simple Press-Schechter ijPress Sz Schechteil 
I1974I) p rescription for the mass function of halos as mod- 
ified by ISheth et 3,1.1 ^2001 to include the effects of ellip- 
soidal collapse. Since we are interested in unresolved ob- 
jects we only need to specify the cluster mass-temperature 
relation and baryonic fraction. For the former we apply the 
fre quently used scaling relat ion and normalization as given 
bv lBrvan fc NormanI l|l998l) , whereas for the latter we sim- 
ply assume a universal value of rib/f^m, which is rather 
close to the local values as derived from X-ray data (e.g. 
iMohr et all Il994l) independent of cluster mass and red- 
shift. We note that these two assumptions are the biggest 
source of uncertainty in our calculations and the use of 
them is only justified given the lack of current knowl- 
edge about the detailed evolution of the baryonic compo- 



150 GHz 



• Rubino-Martin ct al. 2003 
o Springcl ct al. 2001 
□ White el al. 2002 



F [mjyj 



Figures. logA^-logF: Number of clusters per square 
degree with flux level above F at observing frequency 
v = 150 GHz. The solid line shows the modified Press- 
Schechter prescription as used in this work. 



nent in the Universe. In spite of these gross simplifications 
our results on cluster number counts agree very well with 
those obt ained in state-o f -the-a rt hy drodynamica l simu- 
lations by ISpringel et all (|200ll) and IWhite et all l(2002^ 
as demonstrated in Fig.|21 Here the counts are calculated 
for the ACDM concordance model ( Soergel et al.l l2003() 
assuming observing frequency of 150 GHz. The first set of 
simulations included only adiabatic gas physics whereas 
for the second also gas cooling and feedback from super- 
novae and galactic winds was taken into account. Wc also 
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plot t he results obtained by iRubino-Martm fc Sunvae\i 
l)2003|) using a Monte-Carlo simulations based on a Press- 
Schechter approach. In the estimates presented below we 
will use the curve given by the solid line in Fig|21 which 
in the most interesting range of lower flux limits (1 mJy - 
10 mJy) has an effective power-law slope of A 1.10—1.25. 

In Fig. ^ we compare the motion-induced dipolar 
asymmetry in number counts as a function of the observ- 
ing frequency using the optimal patch radius 0r = 70° for 
both sides of the sky with the la Poisson noise level for 
the two lower flux limits of 1 mJy and 10 mJy. In addi- 
tion we mark the regions where we expect an increase of 
the number of negative sources and a decrease/increase of 
the number of positive sources, respectively, if one is ob- 
serving only in the direction of the maximum of the CMB 
dipole. It is important to note that the motion-induced 
change in the cluster number counts vanishes at frequen- 
cies ~ 300 GHz. The exact value of this frequency de- 
pends both on the slope of the number count curve and 
the spectral index. 

Fig. |S1 presents the sensitivity limits where the motion- 
induced signal is equal to the 3cr and 5a Poissonian noise 
levels for different observing frequencies. Taking into ac- 
count that new generation of SZ dedicated surveys (e.g. 
Spt and Act) will have mJy sensitivities, we see that 
for experiments covering the full sky a detection of the 
motion-induced signal is clearly within the reach of the 
capabilities of modern technology especially at frequen- 
cies in the range — 400 — 500 GHz. Combining the data 
of different experiments with limited sky coverage may 
lead to a sufficient total sample (see Fig.E}. 

It is important to mention that in our simplistic cal- 
culations we assumed that all the clusters remain unre- 
solved, which is a good approximation for the Planck, 
Spt and Act. For experiments with higher angular reso- 
lution a significant population of clusters will be resolved 
and hence the number count curves presented here will 
change accordingly. 

From Fig. |31 we also see that the most promising fre- 
quencies for a detection of the motion-induced asymme- 
tries are around the crossover frequency (i.e.~ 217 GHz) 
and in the range ~ 400 — 500 GHz. Clearly, for a proper 
modeling near the crossover frequency one has to take 
into account the contribution from the k-SZ, which has 
been neglected so far. It is evident that the k-SZ is con- 
tributing symmetrically to channels around 217 GHz in 
the sense that the number of positive and negative sources 
is approximately equal. On the other hand in the range 
1/ ~ 400 — 500 GHz other astrophysical source start to 
contribute to the source counts (see Sect. 14. 3|) . 

Finally, in Fig.|Slwc illustrate the dependence of the re- 
quired sensitivities for a 3ct detection of the number count 
asymmetry on the radius of the two compared patches 
close to the frequency ^ 500 GHz. The first patch is 
centered on the maximum of the CMB dipole, whereas for 
the second we choose the two cases 9o,2 = 90° and 180°, 
i.e. A//0 = 1 and 2, respectively. This Figure shows that 
for frequencies below ~ 400 — 500 GHz and separation an- 
gles smaller than 90° a detection of the asymmetry will 
only be feasible for experiments with sub-mJy sensitivity. 




V [GHz] 



Figure 4. Motion-induced dipolar asymmetry in number 
counts (solid lines) as a function of the observing fre- 
quency using the optimal patch radius 6^ = 70° for both 
patches, where the first is centered on the maximum, the 
second on the minimum of the CMB dipole. For compar- 
ison we give the corresponding la Poissonian noise level 
(dashed curves). In addition we mark the regions where 
we expect an increase of the number of negative sources 
and a decrease/increase of the number of positive sources, 
respectively, if one is observing only in the direction of the 
maximum of the CMB dipole. 




V [GHz] 

Figure 5. Required sensitivities for a 3a and 5(T-detection 
of the motion-induced dipolar asymmetry in number 
counts as a function of frequency. The shaded areas in- 
dicate regions where a detection above 3 a and 5 a level is 
possible, respectively. 

4.3. Source count contribution from non-SZ 
populations 

In the range ly ~ 400 — 500 GHz, which is most promis- 
ing for a detection of the motion-induced number count 
asymmetry, other foreground sour ces begin to plav a role, 
e.g. dusty high redshift galaxies l|Blain et al t l2002() . In 
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Figure 6. Required sensitivity limits for a ia detection 
of the number count asymmetry in the frequency range 
400 — 500 GHz as a function of patch radius. One patch is 
centered on the maximum of the CMB dipole. Note that 
for A/i = 1 and 6^ > 45° the two patches start to overlap 
and therefore the corresponding curves were not presented 
here. 

the microwave band these galaxies have extremely pecu- 
liar spectrum F{iy) oc z^"""*, with ranging from —3 to 
—4. Using formula @ it is easy to show that the observed 
properties of this population will also be influenced by the 
motion of the Solar System, but in a completely different 
way than clusters: in the direction of our motion relative 
to the CMB rest frame their brightness and fluxes de- 
crease when for clusters they increase. This implies that 
in the frequency range ly ~ 400 — 500 GHz the motion- 
induced dipolar asymmetry in the number counts for these 
sources has the opposite sign in comparison to clusters, 
i.e. ATVj < when AiV^j > 0. Detailed multi-frequency 
observations should allow distinguishing the source count 
contributions of these two classes of objects, but never- 
theless it is interesting that they a different sign of the 
motion-induced flux dipole. 

5. Conclusion 

In this paper we derived the changes to the SZ cluster 
brightness, flux and number counts induced by the motion 
of the Solar System with respect to the CMB rest frame. 
These corrections to the SZ cluster brightness and flux 
have similar spectral behavior and amplitude as the first 
order velocity correction to the th-SZ (see Fig.P) and thus 
need to be taken into account for the precise modeling of 
the cluster signal. Since both the amplitude and direction 
of the motion of the Solar System is known with a high 
precision it is easy to correct for these changes. 

The dipolar asymmetry induced in the SZ cluster num- 
ber counts in contrast to the counts of more conventional 
sources can change polarity dependent on the observa- 
tional frequency (see Sect. 14.31 . This behavior is due to 
the very specific frequency dependence of the SZ effect. 



We find that frequencies around the crossover frequency 
^217 GHz and in the range ~ 400 — 500 GHz are the most 
promising for a detection of this motion-induced number 
count asymmetry (see Fig. EJ. 
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